One of the goals of melissopalynology is to determine the floral sources utilized by honeybees in the production of honey. Because some types of commercial honey are preferred over others, the preferred types are in high demand and are sold at much higher prices. Verification of these preferred (premium) types of honey is often difficult because many of them come from plant sources that are either weak pollen producers or have pollen that is under-represented in honey. In an effort to verify these premium honey types, researchers developed various methods for correcting the pollen data. These methods produce what are known as pollen coefficient (PC) values. Pollen coefficient values are used to verify honey types produced from floral sources that are over or under-represented in the relative pollen counts of a honey sample. We examine the historical development of PC values, the reliability of PC data, the flaws inherent in the development of various types of PC data, and the steps needed to formulate new types of PC values that would become universally accepted for the verification of honey types.
INTRODUCTION
Precision in interpreting pollen data has always been a primary goal of palynologists. For example, when using pollen counts to reconstruct current or past vegetations or determine the nectar sources of a honey sample, the types and percentages of recover pollen are rarely considered an accurate one-to-one correlation with the floral types they represent. Since the development of pollen analytical techniques during the early 1900s, many advances and improvements have been made in sample collection techniques, in laboratory methods for pollen extraction from matrix materials, and in microscope optics. Nevertheless, once the pollen analyses are completed and the data tabulated, the palynologist must rely on other factors before assigning meaningful interpretations to the data. First, pollen distribution is initially affected by one or more innate characteristics such as pollen mass, pollen morphology, pollen production, and the method of dispersal. Second, methods of pollen dispersal vary. Some pollen types are released from their anthers into the air (anemophilous), become airborne, and are dispersed various distances from their source. The distance of dispersal depends on many factors including air temperature, humidity, pollen sinking speed, changes in surface topography, and the force and direction of the prevailing winds. Other pollen types are zoophilous and rely upon insects, bats, birds, or other small mammals to disperse their pollen. The methods of collection, transportation and storage of these insect and animal pollinating vectors play important roles in any subsequent interpretation of the importance of the types and abundance of collected pollen (Pendleton et al., 1996) . Finally, once pollen is stored by insects or deposited on the ground as part of the pollen rain, its rate of deterioration will be affected by microbial activity, cycles of wetting and drying, pH, chemical oxidation, and mechanical breakdown of the cellulose and sporopollenin portions of the pollen wall (Bryant & Hall, 1993) .
When examining honey samples palynologists encounter many of the same types of problems that confront those who examine sediment samples. There are a number of major variables that affect the accurate determination of where a honey sample was produced and the type of nectar sources that were used to produce the honey. First, we have learned that field identification of nectar sources used by bees in the production of honey is most often incorrect. After examining 1,100 honey samples from hives in the United States we have discovered that more than 60% of those identifications made by the beekeeper or honey producer are incorrect as to the purported nectar sources. Second, experimental data reveal that honeybees are able to remove a vast amount of pollen during their return flight to the hive from the nectar sources they collect. In addition, tests reveal that all honeybees are not equally efficient in removing pollen from nectar sources. The size and shape of a pollen grain also determines how efficiently honeybees can remove that pollen type from nectar sources. Third, a growing number of bee keepers and honey producers partially or completely filter their comb honey before selling it. Fourth, we have examined a number of standard processing techniques currently used to extract pollen from honey and have found flaws in each method. Finally, even when honey samples are correctly processed and their pollen contents are carefully noted, the resulting relative pollen data may not provide an accurate view of the primary nectar sources used to produce the honey.
R-Values
Lennart von Post's early pollen studies in 1916 are widely recognized as the beginning of pollen analysis (Davis and Faegri, 1967) . In his initial studies of Flandrian peat bogs in southern Sweden, von Post recognized that relative pollen counts did not precisely reflect the vegetations they represented yet it was Margaret Davis who was the first to try and quantitatively match relative pollen counts and the vegetation composition they represented. She addressed this concept in her paper entitled, "On the Theory of Pollen Analysis" (Davis, 1963) . Her classic paper examined the relationship between the actual vegetation and the resulting pollen rain produced by, and distributed within a single vegetational area. Through this type of detailed study she hoped to discover a direct and statistical relationship between recovered fossil pollen percentages and the exact types of vegetation those data represented.
Her research resulted in the construction of R-values (ratios) for each plant taxon growing in the region she studied. Each R-value was calculated by dividing the relative percentage of a pollen type recovered in surface samples by the exact percentage that same plant occurred in the regional vegetation. Thus, if a plant species composed 40% of the living, local vegetation, but its pollen in the region's surface samples accounted for 80% of the total pollen rain, then that plant taxon was assigned an R-value of two (80/40 = 2). Likewise, if a different plant taxon covered 50% of the total vegetation, but its pollen was weakly represented in surface samples by only 5%, then that taxon was assigned the R-value of 0.1 (5/50). In theory, once all the taxa within a given region were assigned corrective R-values, then the actual vegetational composition for any area in that region could be inferred from the surface pollen data by dividing each pollen type's by its R-value.
The importance of Davis' research is that it demonstrates the use of a statistical method to "correct" the percentages of pollen recovered from any buried or surface sample. Nevertheless, Davis acknowledged that the assignment of R-values for taxa within a given region was valid only for that region and only at one point in time. The migration or death of a single plant, changes in rainfall, colder winters, hotter summers, or any other event that changes the composition of vegetational structure within the region would require new ecological studies, the collection and counting of new surface pollen samples, and the possible assignment of new R-values for each plant taxon.
Davis's main contribution to palynology was not the idea that finally there was a way to utilize relative pollen counts and derived R-values to reconstruct the precise composition of present or past plant communities. Instead, her main contribution was that it alerted palynologists to the complexities of interpreting vegetational regimes based on uncorrected, relative pollen counts. Her use of statistical data and the development of the concept of R-values encouraged others to experiment with other statistical techniques in an effort to understand the intricate and critical relationship between each plant taxon and how its pollen can become either over or under-represented in relative pollen counts. Some of the same problems that for decades have perplexed palynologists who try to use pollen data for vegetational reconstructions have also plagued melissopalynologists (palynologists who try to identify the precise floral sources used by bees in the production of honey). In both cases, the challenge is to understand the relationship between the pollen sources and the recovered pollen data. In the study of honey, the focus has been on the correct assignment of floral sources and the determination of unifloral honey types.
During the early 1940s, two scientists working for the USDA in California, Frank Todd and George Vansell, did for melissopalynology what Margaret Davis did for terrestrial palynology. Todd and Vansell examined the relationship between the pollen in the floral sources utilized by honeybees and the importance and recovery of those same pollen types in honey (Todd and Vansell, 1942) . Their research began when they discovered that bee colonies survived, but would not reproduce when fed only sugar syrup. Once pollen was added to the syrup, the bees began egg laying within 12 hours. Their research was restricted to the plants and honey produced in California, because their laboratory was located there and they could get assistance from botanical experts at the University of California at Berkeley. Their research began by collecting and examining over 2,600 individual samples of nectar. They had three major goals. The first goal was to determine the number of pollen grains one should expect to find in one cubic centimeter of nectar from various plant species. The second goal was to determine if the number of pollen grains naturally occurring in nectar samples matched the number of grains found in the honey stomachs of the bees that foraged on the same nectar types. The third goal was to discover how efficiently honeybees removed pollen from the nectars they collected. Although Todd and Vansell did not propose a table of statistical "R-values" to compensate for the over or under representation of pollen types in honey, their data showed that not all plant sources contribute pollen equally to nectar and honey. They effectively demonstrated that there is not a 1:1 relationship between a honeybee's use of a plant's nectar and the percentages of pollen contributed by that nectar source to the produced honey. Their research became the foundation for the later development of pollen coefficient values in melissopalynology, which are the statistical equivalents of R-values.
Pollen in Honey
Pollen is a honeybee's major source of proteins, fatty substances, minerals, and vitamins (Gary, 1992) . It is essential for the growth of larvae and young adult bees (Herbert, 1992) . Honeybees remove pollen from an anther by using their tongue and mandibles. While crawling over flowers, pollen adheres to their "hairy" legs and body. The honeybee combs pollen from her head, body, and forward appendages, mixes it with nectar from her mouth, and transfers it to the corbiculae, or "pollen basket", on her posterior pair of legs (Hodges, 1974) . When "loaded" with pollen, she will return to her hive. Once at the hive, workers pack the pollen into special comb cells located in the central portion of the hive surrounding the brood area (Dietz, 1992) . To prevent bacterial growth and delay pollen germination, a phytocidal acid is added to the pollen as it is packed into the comb. Other enzymes produced by worker bees are also added to prevent anaerobic metabolism and fermentation; thereby enhancing the longevity of the stored pollen. Once completely processed for storage, the pollen comb referred to as "bee bread," is ready for later consumption by the bees. The protein source needed for rearing one worker bee from larval to adult stage requires approximately 120 to 145 mg of pollen (Alfonsus, 1933; Haydak, 1935) . An average bee colony will collect about 44 to 125 pounds of pollen a year (Armbruster, 1921; Eckert, 1942) .
In most cases, the primary foraging sources for pollen are the various insect-pollinated (entomophilous) plants honeybees visit for nectar. However, honeybees will also visit a number of species of anemophilous plants to collect pollen. Anemophilous taxa such as Salix spp. (willow), Quercus spp. (oak), Celtis spp. (hackberry), many species of grasses (Poaceae), and wind-pollinated types of the composites (Asteraceae) are all important pollen sources for foraging honeybees (Teale, 1942) .
Melissopalynology is the study of pollen in honey. For over 100 years the literature pertaining to the study of pollen in honey has been termed or spelled several ways, including: mellissopalynology, mellittopalynology, and melittopalynology. According to the 1868 edition of Paxton's Botanical Dictionary, both "melissa" and "melitta" mean "a bee." The scientific name of the honeybee is Apis mellifera L. The word "melliferous" comes from the Latin word mellifer (honey) and the suffix -ous meaning, "having, full of, or characterized by." The International Commission for Bee Research uses "melissopalynology", which is, therefore, the term we adopted.
Pollen can be incorporated into honey in a number of ways. When a honeybee lands on a flower in search of nectar, some of the flower's pollen is dislodged and falls into the nectar that is sucked up by the bee and stored in her stomach. At the same time, other pollen grains can become attached to the "hairs", legs, antenna, and even the eyes of visiting bees. Later, some of the pollen that was sucked into her stomach will be regurgitated with the collected nectar and deposited into open comb cells of the hive. While still in the hive that same honeybee may groom her body in an effort to remove the entangled pollen on her body. During that process pollen can fall directly into open comb cells or onto areas of the hive where other bees may track it into regions of the hive where unripe honey is still exposed. Airborne pollen is another potential source of pollen in honey. Airborne pollen produced by anemophilous plants not usually visited by honeybees can enter a hive on wind currents. These anemophilous pollen grains are usually few in number, when compared to the pollen carried into the hive by worker bees; nevertheless, those pollen types regularly enter a hive on air currents and can settle out in areas where open comb cells are being filled with nectar. Sometimes airborne pollen is deposited into ripened honey when it is being removed by the beekeeper.
The pollen rain for various regions consists mainly of airborne pollen, and is important in forensics, archaeology, and ecology to identify a specific geographic region. As informational data, anemophilous pollen types are not as useful in melissopalynology because they generally form only a minor fraction of the total pollen spectra found in honey.
Pollen is an essential tool in the analyses of honey. The taxa of pollen indicate the floral sources utilized by bees to produce honey (Lieux, 1975 (Lieux, , 1977 (Lieux, , 1978 Louveaux et al., 1970; Moar, 1985; Sawyer, 1988) . As a result, pollen frequency is often used to reveal and label a honey sample as to the major and minor plant foraging sources that were used by the honeybees. This information has important commercial value because consumers prefer honey made from some plants and those types command a premium price (i.e., acacia, sourwood, sage, tupelo, buckwheat, or citrus honey). Even non-premium grades of honey often need to be examined for legal reasons because they must be correctly labeled as to type before being marketed. Only by identifying and quantifying the pollen in honey can the full range of plant taxa be identified and the honey's actual foraging resources be correctly labeled. Another reason that pollen analyses of honey are often required is to determine the honey's geographical origin. The combination of anemophilous and entomophilous taxa found in a honey sample will often produce a pollen spectrum that is unique for a specific geographical region. Because of trade agreements, import tariffs, and legal trade restrictions, most of the leading honey-producing nations of the world require accurate labeling of honey before it can be sold.
Establishing Pollen Coefficient Values
Early melissopalynologists Whitcomb and Wilson (1929) were studying dysentery in honeybees when they noticed that the bee feces were filled with pollen grains. They determined that these pollen grains had been sucked into the bee's honey stomach along with nectar during foraging activities. They also noticed that once nectar enters a bee's honey stomach it is filtered. Within about 10 minutes, this filtering process removes most of the pollen in the nectar and leaves mostly pure nectar in the honey stomach. The ability of a bee to filter nectar in her honey stomach is important because it is the primary way of removing unwanted debris from nectar, such as pollen and fungal spores, which might germinate and spoil the gathered nectar as it is converted into honey.
The honeybee's filtering process is rapid and effective (Snodgrass and Erickson, 1992) . The bee sucks nectar into a slender tube that ends in the bee's abdomen where it becomes an enlarged thin-walled sac called the honey stomach. This honey stomach is greatly distensible and can expand to hold large amounts of nectar. Once in the honey stomach, the nectar flows over the proventriculus that serves as a regulatory apparatus filtering and controlling the entrance of food into the bee's stomach. The anterior end of the proventriculus, called the honey stopper, projects into the bee's honey stomach like the neck of a bottle. At its anterior end is an x-shaped opening consisting of four, thick, triangular-shaped, musclecontrolled lips. Nectar in the honey stomach is drawn back and forth into the funnel-shaped proventriculus. This process filters the nectar and removes debris such as pollen grains and the fungal spores that cause foul brood. The posterior end of the proventriculus extends into the anterior end of the ventriculus, the part of the bee's alimentary canal (mid gut) where digestion and food absorption occurs. A valve at the bottom of the proventriculus prevents the filtered nectar from entering the bee's digestive system, but allows the debris removed from the nectar to pass into the bee's alimentary canal and into the intestines where it is first stored then later voided from the rectum. From time to time people get alarmed about a phenomenon referred to as "yellow rain" (Newman, 1984) . When large numbers of bees forage on nectars that are laden with pollen, the rapid removal of those pollen grains from their honey stomachs and the resulting defecation by those swarms of bees can appear as "yellow rain" spots on leaves, cars, sidewalks, or buildings.
Todd and Vansell (1942) conducted many experiments to determine the efficiency of pollen removal from the nectar in a bee's honey stomach, which was noted during earlier research by Whitcomb and Wilson (1929) . Todd and Vansell goals included determination of the effectiveness of pollen removal from the honey stomach, the duration of the removal process, and the equality of pollen removal by the filtering process of a bee's honey stopper. In one experiment, honeybees in a caged laboratory hive were fed only diluted, unifloral star thistle (Centaurea sp.) honey that had been produced by other honeybees foraging in the wild. The star thistle pollen concentration in the honey-water mixture was measured as being 5,200 pollen grains per cc of fluid. Later, the sealed honeycomb cells produced by the caged honeybees were removed and examined. They found that instead of the original count, the newly produced honey contained an average of only 1,200 pollen grains per cc. Those data surprised Todd and Vansell because they expected the pollen concentration of the newly produced honey to be higher. They believed that the concentration of star thistle pollen would increase as the excess water was removed during the evaporation process in the hive that forms honey. However, the opposite was true.
In another experiment, Todd and Vansell mixed three grams of pure pollen (the pollen type is not mentioned) with 100 cc of a water and syrup solution. When measured, the pollen concentration level of the syrup-water solution was 750,000 pollen grains per cc of fluid. After allowing caged honeybees to feed only on that mixture, the honeycomb cells made from that syrup-water solution were removed. They discovered that the newly produced honey's pollen concentration value was only 25,000 pollen grains per cc of honey. In other words, the honeybees fed on a diluted syrup-water solution containing a pollen concentration of 750,000 pollen grains per cc, but, most of the pollen was removed by the honey stomach filtration system before the solution was emptied from their honey stomachs into new comb cells and made into honey. Todd and Vansell were surprised when they realized that the newly produced honey had a pollen concentration value that was only 1/30th of the original pollen concentration of the syrupwater fluid. The only logical conclusion they could reach from their data was that the significant reduction in pollen concentration was the result of the internal filtration system in a bee's honey stomach, which was far more effective than most researchers realized.
The detailed research efforts and quantitative results published by Todd and Vansell went virtually unnoticed for years after their study was completed. More than a decade later, other researchers, when trying to determine which pollen types are over or under-represented in honey samples, realized the importance of Todd and Vansell's initial research efforts. Although Todd and Vansell's initial goals were not to develop pollen coefficient tables, their pioneering effort led others to use the ideas and experimental data to compile lists of plants that are over or under-represented by their relative pollen counts in honey samples (Maurizio, 1949 (Maurizio, , 1955 (Maurizio, , 1958 Berner, 1952; Pritsch, 1956; Deans, 1957; Demianowicz, 1961 Demianowicz, , 1964 and Sawyer, 1988) .
Using some of the ideas developed by Todd and Vansell (1942) , Demianowicz (1961 Demianowicz ( , 1964 ) became one of the earliest melissopalynologists who worked tirelessly for many (13) years trying to resolve the problem of identifying unifloral honey types based on pollen contents. After examining many honey samples, Demianowicz realized that the relative pollen counts in honey did not always reflect the primary floral and nectar sources (Table 1 ). Demianowicz's summarized data appeared in her 1964 publication where she identified the pollen characteristics of 46 different types of unifloral honey common to various regions of Eastern Europe. To develop the data for each unifloral type, she used caged hives of only 300-400 workers bees and one queen. Fresh, open flowers of a single species were brought to the caged bees several times a day. Under these controlled conditions, Demianowicz believed that the honey produced by each hive was a valid representation of the expected absolute pollen concentration (APC) for the flower species being examined. Based on this research, she developed 19 different categories of plants ranked on the basis of whether their APC values in honey were under or over represented (Table 1) . Each category was assigned an "average number" that was determined by averaging the totals of each type in that category. Each of these 19 categories was called a "pollen coefficient class." She was the first to use that term and she believed that the newly established pollen coefficient values could be used as a guide for determining the true unifloral nature of honey samples from any region, regardless of the data implied by the relative pollen counts.
In Demianowicz's table of values (Table 1) , the expected APC of all pollen types in a "class 0 unifloral type" should not be expected to be any higher than 740 pollen grains per 10 g of honey. Her key example of a highly under-represented plant type in class 0 is Asclepias sp. (milkweed) which she determined to have a pollen coefficient value of 32 per g of honey (i.e., 320 pollen grains per 10 g of honey). Each additional pollen coefficient class is represented by APC values that are twice as high as the previous class, and each class has an assigned generalized pollen coefficient value. In class 1 of her unifloral honey types, each taxon in the group should average between 750-1,500 pollen grains per 10 g of honey. Plant examples in that class include Robinia pseudoacacia (white acacia, locust), Cucumis sp. (cucumber), and "Chamaenerion sp." (now known as Epilobium sp.
[fireweed]). Although she calculated the potential APC values for 19 different classes of plants, her data from the caged bee experiments covered only 12 of the 19 classes. In our Table 1 , we list the 12 classes for which she provided APC data. Her last APC category is class 18 and is characterized by prolific pollen producing plants such as Myosotis sp. (forget-me-not), which produce unifloral honeys containing between 98,304,001 to nearly 200 million pollen grains per 10 g (Table 1 ).
TABLE 1
Honey class types based on the absolute pollen concentrations (APC) of 46 plant taxa that are under or over represented by their relative pollen counts in honey. These data were compiled from experiments that produced unifloral honey in the hives of caged bees that were allowed to forage only on the flowers of a single plant species. The information in this table is based on the experiments and APC calculations conducted and reported by Demianowicz (1964) .
Class
Type of unifloral honey Expected APC range Pollen coefficient per 10 g pollen gains/10 g pollen gains/10 g (1965) suggested additional recommendations and defined many terms relating to pollen analyses such as "controlled unifloral honey, experimental unifloral honey, etc." Louveaux et al. (1978) . This followed Maurizio's (1975) suggestion, which was to establish 45% as the minimal amount of a single pollen type in a honey sample needed for unifloral classification. Although honey is rarely ever derived from a single botanical source, the term "unifloral" is used to describe honey that is produced mainly from the nectar of one plant species (Anklam, 1998) .
Recently, others have produced tables listing various plants with the "expected" pollen percentages needed to indicate unifloral honeys from those plants. Moar (1985) questions the technique used by Louveaux et al. (1970 Louveaux et al. ( , 1978 and others for determining unifloral honey types. First, he points out that there should be exceptions to the Louveaux et al. (1970 Louveaux et al. ( , 1978 statement that 45% is the minimal amount for a single pollen type in a unifloral honey. Moar agrees that this might be true for pollen types in honey samples containing between 20,000-100,000 pollen grains per 10 g of honey, but should be adjusted for honey samples when concentration values are less than 20,000 pollen grains per 10 g. Second, he agrees that white clover (Trifolium repens) should be considered the baseline for determining coefficient values for other pollen types in honey. However, Moar questions the APC value of 18,000 for T. repens, as calculated from the experiment with caged bees by Demianowicz (1964) . Instead, Moar uses an APC value of 23,116 grains per 10 g of honey for T. repens. He fails to explain how he established that APC value, but we suspect he determined it after studying the contents of 55 purported white clover, unifloral honey samples from hives in various locales in New Zealand. Perhaps the difference between the two APC values for T. repens (Moar vs. Demianowicz) results from the different ways the bees were allowed to collect honey (free vs. caged) or different methods each used to calculate the APC value. Third, Moar proposes new ways to establish baseline APC ratios for various pollen taxa in honey samples produced by honeybees that are allowed to forage freely, when observations reveal that they are visiting mainly the flowers of one plant type.
In his summary, Moar (1985) presents an example of how to calculate APC values for various plant taxa in New Zealand. He then uses those data to produce pollen coefficient values for those pollen types. He notes, for example, that New Zealand thyme (Thymus sp.) honey is considered a premium commercial type, but based on Louveaux et al. 's (1970, 1978) unifloral measuring standards, none of the New Zealand thyme honeys would be accepted as unifloral. Moar notes that in the New Zealand honey samples, thyme pollen rarely reaches the minimally needed total of 45% because its pollen is underrepresented. Other melissopalynologists including Demianowicz (1964) and Sawyer (1988) also report that thyme and many other pollen types in the mint family are under-represented in honey samples. In view of those data, it is noteworthy that Tsigouri and Passaloglou-Katrali (2000) report that they found relative percentages of thyme as high as 80% in some unifloral honey samples from Greece. Those authors did not calculate the APC values for thyme pollen but they do mention that the pollen concentration values for the 20 samples they examined ranged from 5,000-85,000 per 10 g of honey.
In Moar's (1985) study, he examined honey samples that were produced by beehives located in or close to abundant fields of blooming thyme. The honey produced in those hives was then examined to ensure that it had the traditional color and taste of thyme honey. Four separate honeycomb samples from various hives that fit these criteria were then processed to extract the pollen. The average relative pollen percentage of thyme in the four samples was 42%. He then compared his pollen counts of thyme against the number of tracer spores counted (Stockmarr, 1971) in each sample. The result was an average APC value of 5,415/10 g of honey for thyme pollen. Moar reasoned that because the relative pollen percentage of thyme was less than the standard 45% needed for unifloral classification, the thyme pollen's APC (5,415) could be adjusted by multiplying it times .45 (the needed percentage). Next, to calculate the "corrected APC" value for thyme at the 45% level, Moar divided the resulting sum by .42, which is the average relative pollen frequency (42%) of thyme pollen in the four samples. These calculations increased the number of "expected" thyme pollen in 10 g of honey to 5,801, which Moar considered to be the appropriate "corrected APC" for thyme pollen at the internationally accepted unifloral level of 45%. Next, Moar (1985) notes that because thyme pollen is considered under-represented in honey (i.e., any taxon with an APC under 20,000 per 10 g of honey), new calculations were necessary to determine what the minimum percentage of thyme pollen in a honey sample should be in order to classify that sample as being a unifloral thyme honey. Because the APC of white clover is considered the baseline standard for honey studies (Sawyer, 1988) , Moar uses the ratio of thyme's actual APC of 5,801 against the baseline APC of white clover (23,116) in order to determine the minimal percentage of thyme needed in a unifloral honey. By examining his calculations, we see that Moar divides the APC for thyme (5,801) by the combined APC of thyme and white clover (5,801 + 23,116). The quotient becomes two-tenths (0.2), which he then multiplies by 100 to convert it to a percentage (20%). From these calculations Moar states that in New Zealand 20% thyme pollen qualifies a sample as being unifloral thyme honey. Finally, Moar proposes that by using his technique any melissopalynologist can determine the minimal amount of pollen needed for unifloral classification of any under-represented floral source in any region.
Rex Sawyer, one of the foremost early melissopalynologists in the United Kingdom, began his lifelong interest in pollen studies during the 1930s after meeting Harry Godwin, a British pioneer in the study of pollen analysis. Sawyer began raising bees, studying beekeeping, and later helped Deans (1957) compile a detailed study of pollen composition of honey types produced in the U.K. After years of melissopalynology research, Sawyer published several books on pollen and honey (Sawyer, 1981 (Sawyer, , 1988 . Included in his last book is a table listing the numerical pollen coefficient (PC) values that he developed for a number of nectar sources found mostly in the U.K. and Europe (Table 2 ). He also says that he believes his PC values can be applied to samples from almost any region of the world in order to "correct" the relative pollen percentages in honey (Sawyer, 1988) . The basis for developing his PC values come from data he generated as well as the published data reported by other melissopalynologists (Todd and Vansell, 1942; Maurizio, 1949 Maurizio, , 1955 Maurizio, , 1958 Berner, 1952; and Pritsch, 1956; Demianowicz, 1961 Demianowicz, , 1964 .
The primary difference between Sawyer's PC values and other published PC values is that Sawyer's values are not expressed as the expected APC for each pollen type per 10 g of honey. Instead, his PC values are expressed as the expected number of pollen grains per gram of honey. Nevertheless, by following Sawyer's formula and applying his PC values to the relative pollen percentages found in any honey sample, one can determine the "actual" floral identities and "true" unifloral or multifloral characteristics. Since Sawyer did not determine the PC values for all known pollen types found in honey, he recommends using a PC value of 50 (i.e., the value he assigned to the baseline pollen taxon of Trifolium repens) for percentages of unidentified pollen and pollen taxa that occur in sporadic and low frequencies.
As Sawyer and others have argued, by using pollen coefficient tables melissopalynologists can confirm that some honey samples should be classified as unifloral even if their relative pollen counts do not verify that classification. This is especially true for nectar sources that come from plants with low pollen yields, or from plants that produce pollen types that are quickly removed by the filtering actions of a honeybee's honey stopper. As noted in Sawyer's PC list (Table 2) , some of the pollen types that are rarely found in high frequencies will benefit the most from using pollen coefficient values. For example, fireweed, basswood (Tilia sp.), alfalfa (Medicago sativa), sourwood (Oxydendron sp.), orange blossom (Citrus sp.), buckwheat (Eriogonum sp.), mint (Salvia sp.) and locust (Robinia pseudoacacia ) are some of the pollen types that normally do not reach unifloral levels of 45% in most relative pollen counts. However, when pollen coefficient tables (Table 2 ) are used to correct the normally low relative pollen percentages (i.e., 5-20%) of these types in honey samples, the result becomes a validation that the honey should indeed be classified as unifloral.
Table 2
Pollen coefficients of various pollen types as calculated by Sawyer (1988 Table 3 . The data in Table 3 represent the analysis of a typical unifloral fireweed honey sample produced near Fairbanks in central Alaska. Based on the relative percentages of pollen determined from a 200-300 grain count, this sample would be classified as a "unifloral rapeseed /canola" honey. The relative percentage of fireweed pollen in this sample is only 6.3% (Table 3) . When the relative pollen percentages are adjusted using Sawyer's PC values, the primary nectar source of this honey becomes fireweed flowers (95%), not rapeseed/canola flowers (1.9%). These pollen data suggest that in spite of the low relative percentage of fireweed pollen, the dominant nectar source that produced this honey was blooming fireweed flowers. Note that the 28.3% relative pollen count of clover suggests that less than 2% of the nectar source of this honey was actually derived from clover (Table 3) . (1988) , prior to using pollen coefficient tables to determine the actual or expected nectar composition of each plant taxon in a honey sample, the relative pollen spectrum must first be calculated. Then the relative percentage of each pollen type is divided by its PC value. The resulting value for each pollen type is the taxon's "relative quantity (RQ)." Finally, each RQ value is divided by the sum of all RQ values to determine what percentage of the honey's nectar was actually derived from each plant type.
Statistical Baselines for Pollen Coefficient Values
One of the current problems of using pollen coefficient values is the disagreement among melissopalynologists on which PC values should be assigned to the nectar or pollen source of each plant species. If the pollen data in Table 3 is reexamined using the PC values published by Demianowicz (1964) , then the adjusted percentages for the nectar sources of each taxon change (Table 4 ). In our PC formula below, we have followed Sawyer's (1988) recommendation of using the baseline PC value of Trifolium repens (i.e., 18,000 as reported by Demianowicz) for unknown pollen types or pollen types for which no PC values were determined by Demianowicz (1964) .
TABLE 4.
The relative pollen percentage of a honey sample produced in North Pole, Alaska. These data are then used to construct adjusted nectar source percentages based on pollen coefficient values developed by Demianowicz (1964) and by Sawyer (1988) .
Taxon
Relative 
APa=
.000033 .007008
APa= .0047 =.47%
Where "AP" represents the "adjusted percentage" for each pollen taxon. The small letters represent each pollen type found in the honey sample (a = Apiaceae, b = Brassica, c = Epilobium, d = Melilotus, e = Taraxacum, f = unknown). We have illustrated the calculations for one pollen type in Table 4 , to demonstrate how the AP value for each pollen taxon should be determined.
Minor differences in the "adjusted percentages" can be seen when comparing the adjusted percentages derived from Sawyer and Demianowicz; nevertheless, in terms of over or under representation, both sets of calculations indicate the same general conclusions for each pollen taxon. Sawyer's PC values indicate that over 95% of the actual nectar source came from fireweed flowers, but Demianowicz's values indicate that only 80% of the nectar source came from fireweed. Although, there is a difference of 15% between the two calculations, both emphasize that fireweed is a pollen type that is highly under-represented in honey samples and both calculations verify that the sample is a unifloral fireweed honey.
It is difficult to determine which PC data set (Sawyer vs. Demianowicz) is more nearly accurate. The precise method Sawyer used to construct his PC values is not published. Data and methods Demianowicz (1961, 1964) used to construct her PC values are published and are based on more than 13 years of research in which caged bees were fed only the nectar from one type of flower. However, Demianowicz's method may contain errors created by her method of determining pollen concentration values. Demianowicz's method for determining pollen concentration values consisted of collecting small amounts of honey (often less than 5 or 10 grams) and then diluting the sample with water. From the diluted solution, she extracted one drop, put it onto a microscope slide, and then counted the pollen. Using those counts, she projected what the APC value for each pollen taxon should be in 10 g of honey.
In contrast, and as noted in Moar's (1985) PC study, today most melissopalynologists calculate pollen concentration values by comparing the ratio of pollen grains found in 10 g of honey against the ratio of a know number of tracer spores that are added to the honey prior to processing and counting. Depending on the number of tracer spores added, this system provides more reliable pollen concentration data than the system Demianowicz used.
Other melissopalynologists (D'Albore, 1998; van der Ham, et al., 1999) have not proposed using PC values. Instead, they prefer to include generalized information on which nectar and pollen types are traditionally over or under-represented in honey. D'Albore (1998) D'Albore (1998) in his study of Mediterranean honey types does not list the expected percentage levels that should be used as a guide for determining unifloral honeys. Nevertheless, he includes some practical advice about certain plant taxa and how over or under-represented those pollen types can be in honey samples. For example, he states that there are two reasons most plants producing large pollen grains (>40 m) will be significantly under-represented in the honey produced from those nectar sources. First, most plants that produce large pollen grains do not produce large amounts of nectar. Second, honeybees are more efficient at filtering out large pollen grains in their honey stomachs during their return flight to the hive. He points out that the opposite is true for tiny pollen grains, which are usually over represented in honey. Pollen grains from plant taxa such as Echium spp. In the United States, Todd and Vansell's (1942) pioneering research focused on another very important variable that influences the amount and types of pollen that occur in honey samples. In one experiment, a group of honeybees were starved, then allowed to feed freely from solutions of sugar syrup mixed with various amounts of pollen. After feeding, one group of bees was immediately sacrificed and dissected. The content of their honey stomachs was carefully removed and examined for pollen. These were the control group of honeybees. Their honey stomachs revealed that the syrup-pollen mixtures they ate contained an average of 248,666 pollen grains per cc of fluid (Table 5 ). In the same experiment using starved bees that were fed the same syrup-pollen solution, a second group was allowed to fly around freely for 15 minutes. Then, that group was caught and dissected. Todd and Vansell found that nearly one-half (44%) of the honeybees collected as part of the second group had been able to remove and excrete more than 90% of the pollen they had consumed as part of the syrup-pollen solution they drank ( Table 5 ). The other one-half of bees in the second group removed much of the pollen they had consumed in the syrup-pollen, but their averages varied and all were less than 90% (Table 5) .
TABLE 5
Average number of pollen grains recovered from the honey stomachs of starved bees allowed to feed on solutions of sugar syrup containing pollen. These data are based on experiments and calculations reported by Todd and Vansell (1942) . 61-80,000 00.2 81-100,000 13.4 over 100,000
Percentage of
The data compiled by these two researchers suggest that some honeybees are more efficient at removing pollen with their honey stoppers than are others. This variable alone sheds doubt on the reliability of using PC values in melissopalynology. Without knowing what percentage of pollen each bee in a hive is able to remove from the nectar each collects, and without knowing how far or how long each honeybee travels between the time nectar collection begins and the time she returns to the hive, the raw database for determining accurate PC values is too imprecise to use. Todd and Vansell (1942) repeated the same experiment using different pollen concentrations in different sugar syrup solutions fed to bees. In all their tests, they found that the amount of pollen present in the honey stomachs of bees that were allowed to fly freely for 15 minutes after feeding was drastically reduced. Although their results revealed that not all bees are identical in their efficiency of removing pollen from the nectar they drink, the data reveal that nearly one-half of the tested bees could remove approximately 90% of the pollen from the fluids in their honey stomach within 15 minutes after feeding.
Another important contribution of Todd and Vansell's (1942) experiments was the development of a list of plants documenting the number of pollen grains that occur naturally in their nectars. Because most flower nectar sources are located near a flower's dehiscing anthers, some pollen will fall into the nectar. Later, honeybees might gather the nectar containing the pollen. Knowing this, Todd and Vansell carefully collected the nectar from more than 2,600 flowers representing 73 different plant taxa that grew in California. Some of those nectar samples were collected from the honey stomachs of bees that were captured and dissected immediately after feeding on the nectar of a specific plant. Other nectar samples were carefully collected by hand from the flower's nectaries. After all the samples were examined and the pollen concentration values for each nectar source was averaged, they produced a list of nectar types and the amount of pollen expected to be in each nectar source. That list is important because it provides a perspective of which nectar sources contain vast amounts of pollen and which contain little if any pollen. For example, Todd and Vansell report that 30 honeybees were captured and dissected immediately after each had finished feeding on the nectar of navel orange blossoms (Citrus sinensis). A second set of 32 bees was collected immediately after each had fed on the nectar of cotton flowers (Gossypium hirsutum). To their amazement, they could not find even one pollen grain in the full honey stomachs of any of those 62 bees. At the other extreme, they reported finding an average of 103,330 pollen grains per cc of fluid in the honey stomachs of 24 bees captured immediately after each had completed feeding on the nectar of white mustard (Brassica alba) ( Table 6 ).
TABLE 6
Mean number of pollen grains per cc of fluid recovered from nectaries or the honey stomachs of bees allowed to feed on the nectar of various plants before being captured and dissected immediately after feeding. These data are based on experiments and calculations reported by Todd and Vansell (1942) .
Plant Source
Number In another part of their research, Todd and Vansell (1942) tried to determine what happens to pollen between the time it is collected by honeybees in the nectar until it becomes part of comb honey sealed in chambers of a hive. As in previous experiments, they caged a hive of honeybees, deprived them of stored honey, but allowed them to feed freely from trays filled with a solution of sugar syrup mixed with pollen. This time they used two groups of honeybees. One group was fed a sugar syrup solution with pollen added and the other group was allowed to feed on a mixture of star-thistle honey that was diluted with water. Testing revealed that the syrup-pollen solution had a pollen concentration value of 750,000 pollen grains per cc and the diluted star-thistle honey contained 5,200 pollen grains per cc. Honey in the sealed comb cells made from these two solutions revealed a pollen concentration value of 25,300 pollen grains/cc for the honey made from the syrup-pollen solution and 1,200 pollen grains/cc for the honey made from diluted star-thistle honey. Todd and Vansell concluded that only 3.1% of the pollen placed in the syrup-pollen feeding trays actually appeared in the honey made from that feeding source. For the honey made from diluted star-thistle honey, only 23% of the pollen from that feeding source appeared in the new comb cells of honey.
DISCUSSION
Since the beginning of honey production, certain types of honey have sold for premium prices because they taste better, produce better mead, are better for cooking, or do not crystallize rapidly. One of the goals of melissopalynological research is to search for data that can be used to compensate for errors produced by pollen types that are over or under-represented in the relative pollen counts in honey samples. Similar types of problems also occur during the reconstruction of vegetational histories using fossil pollen data. Although not the first to recognize this problem, Margaret Davis (1963) was one of the first to try to develop a precise list of values that could be used to compensate for the over or under representation of various pollen types in the fossil record. The result of her effort was the construction of a table of pollen ratios she called R-values, which she then used in a formula to adjust relative pollen counts. Her goal was to try to find a way to use pollen data to reflect the precise vegetation it represented.
From the beginning, some melissopalynologists recognized, as did Davis (1963) , that not all pollen types contribute equally to either the natural pollen rain or to the production of honey. However, instead of developing R-values for the plants that bees utilize in making honey, melissopalynologists began generating lists of corrective values for certain pollen types. These became known as pollen coefficient values. Similar to R-values, pollen coefficient (PC) values are used to compensate for pollen types that are under or over represented in the relative pollen counts of honey (i.e., Asclepias, Epilobium, Oxydendron arboreum, Salvia, Robinia pseudoacacia, Nyssa, Myosotis, etc.).
One of the main reasons to develop and use PC values is to assist beekeepers in the verification and sale of premium honey types. Many premium honeys are not easily confirmed as being from a single floral-source (unifloral) because the species they come from often contribute only minimal amounts of pollen. However, those premium types of honey can be verified as being unifloral by applying the use of pollen coefficient values, and thus can qualify under the internationally accepted standard that requires a unifloral honey to contain a minimum of a 45% from its primary nectar source.
The use of PC tables is one way to explain why some of premium unifloral types are not dominated by the pollen from the unifloral source. But, everyone does not accept the use of PC values because of questions about the techniques used to generate PC values. As we have shown, the same relative pollen data from a honey sample can be adjusted using different sets of published PC values. The result is a different conclusion concerning the percentages of probable nectar sources used in the production of that honey sample.
Current arguments against the use and acceptance of PC values as a valid way to correct relative pollen counts in honey focus on the many variables that influence the calibration of PC values. As early as the 1920s, scientists knew that the longer nectar remains in a honeybee's honey stomach, the greater the potential for that bee to remove most or all of the pollen in that nectar, regardless of the pollen type (Whitcomb and Wilson, 1929) . Therefore, the time period between when a honeybee begins to forage and when she returns to the hive will determine the amount of pollen remaining in her honey stomach, which becomes a potential component of the resulting production of honey. Experiments by Todd and Vansell (1942) revealed two additional factors that can control the potential amount of pollen in honey. First, some honeybees are more efficient at removing pollen from their honey stomachs than are others from the same hive. Second, if nectar sources are located far from the hive, honeybees can effectively remove as much as 90% of the pollen they collected in the nectar on their return trip to the hive. Later research by Demianowicz (1961 Demianowicz ( , 1964 ) documented yet another variable associated with the pollen collected in nectar. She noted that honeybees are more efficient at removing large pollen grains than smaller ones from the nectar in their honey stomachs during return flights to the hive.
Even if melissopalynologists find a method to adjust for these variables associated with how honeybees collect and transport nectar from its source areas to hives, only one of the major problems associated with the generation of PC values is solved. Other problems focus on the current techniques used to extract pollen from honey samples and on the methods used to determine absolute pollen concentration (APC) values for pollen types in honey.
Historically, the liquid medium used to dilute honey for analyses is water. Although 10 g of honey diluted with 20 ml of water is the recommended standard procedure (Louveaux et al., 1970 (Louveaux et al., , 1978 , various published procedures use other ratios that vary from 1-20 g of honey diluted with 20 -100 ml of water (Erdtman, 1935; Maurizio, 1951; Deans, 1957; Louveaux and Maurizio, 1963; Lieux, 1972; Gadbin, 1979; Agwu and Akanbi, 1985; Low et al., 1989; White et al., 1991) . The reasoning often cited for increasing the dilution ratio is the potential for better pollen recovery from honey. Honey has a specific gravity of around 1.44. Therefore, the specific gravity of any honey-water solution will range between 1.0 and 1.44. A honey-water solution containing 10 g of honey and 20 ml water will has a specific gravity of about 1.3 at 20 o C (Low et al., 1989) . By diluting the solution with more water, the specific gravity of the solution will gradually approach one.
To test the reliability of these processing methods we constructed our own experiment. We prepared three identical groups of sub samples from each of 10 different honey samples so that each sub set group could be processed in a different manner. Each of the honey samples in each sub set consisted of 10 g extracted from a larger sample that was heated in a microwave oven to 38 o C and then thoroughly stirred to ensure a uniform mixing of the pollen before any sub samples were collected. Next, we poured each sub sample into a 600 ml beaker and slowly stirred it until it was fully dissolved in a solution of either water or alcohol, depending on which sub group it represented. Two sets were diluted using only 100 ml of water and then were centrifuged for different lengths of time at the same speed (4,000 rpm). For one of the two sets we used a short spin time of one minute as recommended by Deans (1957) and White et al. (1991) . For the other sub set we used a long spin of 10 minutes as recommended by Low et al. (1989) . The third sub set of samples was diluted with 95% ETOH and for those samples we used a spin time of three minutes at 4,000 rpm. We discovered that honey will not dissolve directly in 95% ETOH, so we first had to add 10 ml of distilled water to the 10 grams of honey. Once mixed we could then add an additional 100 ml of 95% ETOH. We checked the specific gravity of all alcohol sub samples before any further processing. We found that their specific gravity ranged between 0.83-0.88. This variation occurred because of the slight variations in the specific gravity of the individual raw honey samples.
To calculate an accurate pollen concentration value for each of the sub samples we added 67,500 tracer Lycopodium spores. After mixing each sub sample in a beaker, we reduced the volume of the liquid in each beaker by centrifuging in 12 ml Pyrex tubes. After each centrifuging and decanting, the residue was vortexed before adding more solution. When all the liquid was removed, each beakers was thoroughly rinsed with 95% ETOH.
Each sub sample was acetolyzed (Erdtman, 1960) for 12 minutes at 50 O C in a heating block. When finished, each sample was rinsed in glacial acetic acid and then twice with distilled water before a final rinse with 95% ETOH. The residue for each sub sample was stained with Saffarin and poured into a 1 dram, glass vial. Five drops of glycerin were added to each vial and the vials were placed on a warm hot plate (30 O C) until the remaining alcohol evaporated. Next, a few drops of additional glycerin was added to each sample before it was vortexed for 30 seconds. After mixing, one drop of pollen residue was placed onto a glass slide and the residue was spread in all directions with a wooden toothpick to ensure that all pollen taxa would become evenly distributed under the cover slip. Each cover slip was sealed around the edges with a coating of fingernail polish to prevent evaporation.
When based on 200 grain pollen counts, we found that there was a significant differences in the pollen concentration values recovered in samples using each of the three techniques (ANOVA, n = 30, F = 14.24, P = 0.0001). Pollen concentration values in the alcohol-diluted sub samples were significantly higher than those recovered from the same honey samples diluted with water, regardless of the centrifuge spin time (< 0.05, Tukey's studentized range test). We also discovered that the pollen concentration values for all of the water-diluted sub samples were not significantly different (ANOVA, P > 0.05) from one another regardless of centrifuge spin time. On average, the alcohol-diluted sub samples had pollen concentration values that were 426% higher than those found in the water-diluted, short spin sub samples, and 226% higher than those found in the water-diluted, long spin sub samples.
In addition, we discovered there was a marked difference in the total number of pollen taxa recovered in each of the various sub sample groups. All together, we found 258 different pollen taxa in these 10 honey samples, a number that reflects the rich flora potentially available to honeybees foraging in the mixed deciduous forests of east Texas. Of the total 258 taxa, we found 161 of them in the 10 alcohol sub samples. We found a total of 152 of them in the 10 water-diluted, long spin sub samples, and 148 of the total pollen taxa in the 10 water-diluted, short spin sub samples.
From this experiment we discovered (Jones and Bryant, 2001 ) that regardless of how much water is used to dilute honey, there will often be a significant loss of pollen during the centrifugation process. Therefore, we recommend diluting honey with ethyl alcohol in order to recover all the potential pollen in a honey sample. Our data (Jones and Bryant, 1998) also reveal that the alcohol-dilution method will achieve comparable results with honey samples that are processed using a filtration system designed to capture all pollen.
Until now the researchers who have produced PC values for honey have based their conclusions on samples that were diluted only with water. Therefore, as far as we can determine, all of the existing PC data derived from honey are suspect.
The final flaw with existing PC values focuses on the methods researchers have used to determine APC values. Todd and Vansell (1942) are not clear about how they determined the APC or pollen concentration values they reported. Later, from the detailed and pioneering efforts of Demianowicz (1961, 1964) , we know that she diluted various quantities of honey with water and then counted a small drop of the resulting solution to derive her APC values. That technique is subject to counting and calculation errors. For example, even a minor counting error will be greatly magnified when the APC value for the entire solution is calculated. More recently, researchers such as Moar (1985) have added "tracer spores" with the diluted honey samples and then determined APC values for pollen taxa based on the ratio of counted tracer spores to pollen grains. That technique has the potential to be more nearly accurate than the calculation method used by Demianowicz. Nevertheless, our own experiments with honey samples reveal that unless a large number of tracer spores are added to a honey sample, the potential for calculation errors in computing APC values can be great.
The original concept of trying to find ways to correct the relative pollen counts of honey samples so that the resulting interpretations are more realistic and meaningful is as important today as it was nearly a century ago. Because of the added value placed on premium types of honey, and because of laws requiring truth in labeling, beekeepers, honey distributors, and buyers need to have methods available that will validate the unifloral contents of the honey products they buy and sell. Sometimes validations can be assured by determining the calibration of the types of sugars in a honey sample. However, like PC values, tables outlining the precise isotopic ranges for sugars, such as those developed by White et al. (1962) , are not available for all regions nor many of the types of premium, unifloral honey types.
CONCLUSIONS
What is needed most in the field of melissopalynology is a new series of experiments to determine the precise PC values for many of the nectar sources used to produce premium types of honey. This type of research, however, will need to be conducted under controlled conditions that will satisfy skeptics and will result in PC data that will be accepted by melissopalynologists.
For each floral type a separate experiment will need to be conducted. First, an isolated hive of honeybees needs to be caged to prevent outside contamination. Second, the caged bees should be starved, then allowed to feed freely on the flowers of only one type of plant until a measurable amount of honey from that single floral source is produced. Third, during the experiment, a selected numbers of bees should be trapped and examined immediately after they have filled their honey stomachs to determine the original APC in the nectar. Fourth, at various times during the experiment, the opening to the hive should be sealed for periods ranging from 5-15 minutes while the bees are feeding. Before allowing the bees to re-enter the hive, some bees should be captured and the contents of their honey stomachs must be examined to determine how effectively they have been at removing pollen from the nectar. Fifth, once honey is produced from the experimental feeding process, several honey samples must be collected, processed correctly using new pollen extraction techniques, and several pollen counts of over 1,000 grains need to be tabulated for each sample to determine the APC.
A critical aspect of any future experiments designed to calculate new PC values must include new processing techniques that include either a filtration process similar to the one described by Lutier and Vaissiere (1993) , or an alcohol-dilution technique similar to the one described by us (Jones and Bryant, 1996, 2001) . Our experimental tests have confirmed that both the filtration and alcohol-dilution techniques are comparable in the amounts of pollen recovered from honey samples. Those same tests revealed that both the filtration and alcohol processing methods increased pollen recovery from honey samples by an average of more than 200% over water dilution processing methods currently in use by melissopalynologists. Finally, a large quantity of tracer spores must be added to each honey sample prior to processing to ensure an accurate ratio of tracer spores to pollen. Maher (1981) provides an excellent discussion of how one can determine how many tracer spores need to be added to a pollen sample in order to ensure reliable statistical results when calculating pollen concentration values. He notes that the ideal ratio of pollen to tracer spores in a sample is 1:1. Because counting pollen and tracer spores is time consuming, Maher investigated the reliability of other ratios. His data suggest that a pollen to tracer spore ratio of 2:1 produces what he says is a "good level of precision for concentration estimates, and reduces the total counting time (Maher, 1981:157) ."
In tests of honey samples Jones (1993) states that she found no statistical difference in pollen concentration values when she added 67,500 tracer spores per 10 g of honey, and then completed four separate pollen counts from each of five different honey samples. Her five samples ranged in average concentration levels from a low of 72,000 in one sample to a high of 132,000 in another of the five samples. Based on her experimental evidence and similar tests in our laboratory, we recommend that for most honey samples the addition of from 65,000-100,000 tracer spores per 10 g sample should produce concentration values that are statistically reliable.
SUMMARY
The type of new research we have proposed in this article will be expensive and time consuming. However, if our recommended steps are taken and if the research efforts are completed successfully, then the resulting data can be used with confidence to construct APC values for honey samples that should become universally accepted, even by the most ardent skeptics. One final benefit of the new research will be that those same honey samples could serve as unique opportunities for complementary chemical testing to determine precise sugar types and expected ranges for various types of sugar isotopes.
